ABSTRACT. Bama Xiang and Landrace pigs are the local fatty and lean breeds, respectively, in China. We compared differences in carcass traits, meat quality traits, and myosin heavy chain (MyHC) types in the longissimus dorsi muscles between Bama Xiang and Landrace pigs. This was done in pigs of the same age, using real-time PCR, to investigate the relationship between MyHC fiber types and carcass characteristics, meat quality traits, and the key factors regulating muscle fiber type. Bama Xiang pigs exhibited smaller size and slower growth than Landrace pigs (P < 0.01). We found that the superior meat quality, especially the high intramuscular fat (IMF) content in Bama Xiang pig, was related to elevated type I oxidative muscle fiber content (P < 0.01). In contrast, Landrace pig muscle had a higher glycolytic type IIb muscle fiber content (P < 0.01). MyHC I gene expression was significantly positively correlated with backfat thickness and IMF content (P < 0.01). MyHC IIb was significantly negatively correlated with IMF content (P < 0.05), and positively correlated with carcass yield (P < 0.05). AMP-activated protein kinase and peroxisome proliferatoractivated receptor-g coactivator-1a are suggested to be the two key factors regulating muscle fiber type in pigs. Our results indicate that muscle fiber composition is one of the key differences leading to the differences of meat quality between Bama Xiang and Landrace pigs. These results may provide a theoretical basis for further studies of the molecular mechanism underlying the excellent meat quality of the Bama Xiang pig.
INTRODUCTION
Bama Xiang pig was named after Bama Town in the Guangxi Province in southern China. This breed displays a high reproductive performance, slow-growth, high intramuscular fat (IMF) contents, and superior meat quality. The Landrace pig is famous for its lean meat, fast growth, low IMF content, and poor succulent flavor (Lefaucheur et al., 2002; Shan et al., 2009; Guo et al., 2011) . Therefore, these two breeds are two ideal models for research on pig growth performance and meat quality.
Muscle fibers constitute 75-90% of the muscle (Lee et al., 2010) and largely determine the characteristics of the muscle. Skeletal muscles of growing pigs consist of four muscle fiber types: type I, IIa, IIx, and IIb, which are based on myosin heavy chain (MyHC) polymorphisms (Lefaucheur et al., 2002) . Types I and IIa are considered to be oxidative fibers, with a high mitochondrion and myoglobin contents and appear rosy in color (Pette and Staron, 2001; Lefaucheur, 2010) . Type IIb is considered to consist of glycolic fibers, producing a pale, soft, and exudative meat (Wegner et al., 2000) . In recent years, a number of key genes regulating muscle fiber type transition have been identified, such as peroxisome proliferator-activated receptor-g coactivator-1a (PGC-1a) (Lin et al., 2002) , AMP-activated protein kinase (AMPK) (Röckl et al., 2007) , etc.
At present, there are no studies of the composition and postmortem muscle metabolism of Bama Xiang pigs. In the current study, we set out to compare the differences in carcass traits, meat quality traits, and muscle fiber types between Bama Xiang and Landrace pigs of the same age. Our aim was to identify the relationship between MyHC fiber types and carcass and meat quality traits, and to investigate the key factors regulating the muscle fiber type in the two breeds. Our study provides a better understanding for the molecular mechanism behind the excellent Bama Xiang pig meat quality.
MATERIAL AND METHODS
All parts of our study were carried out following the guidelines for animal experiments at the National Institute of Animal Health in China (License No. GB/T 14925-94).
Animal and sample collection
Fifteen Bama Xiang pigs and 12 Landrace pigs were raised for our study. The animals were kept under similar conditions and were fed the same diet (NY/T 65-2004, Chinese Ministry of Agriculture). The ingredient and chemical composition for the diets were as follows: 2100 kcal/kg energy, 12% CP, 0.65% Ca, and 0.32% P. This diet meets the animals' growing nutritional needs. At each sampling time (30, 60, 90 , and 180 days), three individual pigs (male:female = 2:1) from each breed were slaughtered after 12 h fasting. One additional group of Bama Xiang pigs were sampled at day 300. The longissimus dorsi muscles (LM) were collected and divided into three portions for IMF measurement, determination of the other meat quality indices, and isolation of total RNA. The samples for RNA isolation were immediately frozen in liquid nitrogen and stored at -80°C until further use.
Determination of carcass traits and meat quality
The carcass trait indices included live weight, carcass yield, backfat thickness, and loin eye area. Live weight was measured prior to slaughter, when the pigs were fasting but had access to water. Carcass yield is the ratio of slaughter live weight and live weight. Backfat thickness was measured as the fat thickness on the chest (between ribs 6 and 7). Loin eye area was measured between the 1st and 2nd penultimate thoracic longissimus cross-sectional width and height, using the following formula: loin eye muscle area (cm 2 ) = width (cm) x height (cm) x 0.7.
The meat quality indices included meat color, meat conductivity, shear force, and IMF content. Meat color was measured 45 min postmortem, using an OPTO-STAR meat color detector (Matthäus Co., Nobitz, Germany) on 1 cm diameter areas from each freshly cut LM muscle. Conductivity was determined at 10 points of the LM at the 10th rib for each pig using an LF-STAR muscle conductivity detector (Matthäus Co.). Shear force was measured using a C-LW3 muscle tenderness instrument (Engineering by College of Northeast Agricultural University, China) on 10 meat samples from each freshly cut LM, 45 min postmortem. IMF content was measured by petroleum ether extraction, 24 h after slaughter on 100 g LM samples (Fortin et al., 2005) .
Total RNA extraction and reverse transcription
Total RNA was isolated from the LM using the Trizol Reagent procedure (Invitrogen Life Technologies, Carlsbad, CA, USA). RNA purity and concentration were determined using a spectrophotometer at 260 and 280 nm. Transcription was performed with 1.0 mg total RNA, using a PrimeScript TM RT Reagent Kit with gDNA Eraser (Takara Biotechnology Co. Ltd., Dalian, China).
Quantitative real-time polymerase chain reaction (PCR)
Quantitative real-time PCR was performed using Roche LightCycler ® 480 PCR system (Roche Co., Rotkreuz, Switzerland) and LightCycler ® 480 SYBR Green I Master (Roche Co.). MyHC I, MyHC IIa, MyHC IIx, MyHC IIb, 18S rRNA, PGC-1a, and AMPK primers used for the PCR are presented in Table 1 . The total PCR volume (20 mL) consisted of 10.0 mL SYBR Green I Master, 5.0 mL cDNA, 4.0 mL doubled-distilled water, 0.5 mL upper primer (10 mM), and 0.5 mL lower primer (10 mM). The PCR was run under the following conditions: 95°C for 5 min, followed by 40 cycles of 10 s at 95°C and 10 s at 60°C. All results were normalized to the 18S rRNA levels and gene expression was analyzed using the 2 -DDCt method (Livak and Schmittgen, 2001) . All experiments were repeated in triplicate. 
Data analysis
Relative mRNA was investigated by real-time PCR and was expressed relative to a control (Landrace pigs). The results are reported as means ± SE. Comparisons between different breeds were made by t-tests (SPSS 18.0) and correlation analyses were made by Pearson correlation analysis (SPSS 18.0).
RESULTS

Carcass traits and meat quality between Bama Xiang and Landrace pigs
The appearance of an adult Bama Xiang pig is shown in Figure 1 . Compared with the Landrace pig, the Bama Xiang pigs have conspicuous markings with a black head and hip area, whereas the Landrace pig is completely white. Weights were compared between Bama Xiang and Landrace pigs at the same age (30, 60, 90, and 180 days). Day 300, which is the marketing age for Bama Xiang pigs, was investigated only for Bama Xiang pigs. From the age of 30 to 180 days, Landrace pigs gained about 68 kg, while Bama Xiang pigs only gained about 15 kg (Figure 2 ). From the age of 30 to 300 days, Bama Xiang pigs gained about 36 kg ( Figure 2 ). Regardless of age, Bama Xiang pigs weighed significantly less than Landrace pigs (P < 0.01). This illustrates that the Landrace pigs had a higher weight increase than Bama Xiang pigs.
Carcass traits and meat quality were compared between Bama Xiang and Landrace pigs at 180 days (300 days was measured only for Bama Xiang pigs). There was no difference in carcass yield (P > 0.05). In contrast, backfat thickness and loin eye muscle area differed among breeds (P < 0.01); at the same age, Bama Xiang pigs showed higher backfat thickness but lower loin eye muscle area (Table 2 ). Superscripted letters within a row indicate significant differences (P < 0.01). Results are reported as means ± SE of three pigs. BF = backfat thickness, LA = loin eye muscle area, SF = shear force, IMF = intramuscular fat.
According to the reference standard of OPTO values (OPTO-wert) for meat color, values ≥63 indicate excellent meat, 53 ≤ OPTO-wert < 63 indicate good meat, and values <53 indicate poor meat. Our results indicated that the meat color for 180-day Landrace and Bama Xiang pigs, and 300-day Bama Xiang pigs were all excellent, and there were no significant differences (P > 0.05) among them (Table 2) . At 300 days, Bama Xiang pigs exhibited lower conductivity than both Bama Xiang and Landrace pigs at 180 days (P < 0.01), whereas no significant difference was found between the two breeds at 180 days. Although not statistically significant (P > 0.05), the shear force at 180 and 300 days in Bama Xiang pigs was lower than that of Landrace pigs at 180 days. Bama Xiang pigs showed higher IMF content at both 180 and 300 days, compared to Landrace pigs at 180 days (P < 0.01).
MyHC fiber-type composition in Bama Xiang and Landrace pigs
We analyzed the MyHC fiber-type composition of Bama Xiang and Landrace pig breeds at different developmental stages by detecting the expression of MyHC isoform types I, IIa, IIx, and IIb. When MyHC isoforms were compared at 30 days, we found that the expression level of MyHC I was significantly higher in Bama Xiang pigs than in Landrace pigs (P < 0.01), whereas the expression levels of MyHC IIx and IIb were significantly lower in Bama Xiang than in Landrace pigs (P < 0.05). We found no significant difference in the expression level of MyHC IIa (P > 0.05) (Figure 3) . At 60 days, Bama Xiang pigs exhibited higher expression levels of MyHC I and IIa, but lower expression level of MyHC IIb compared to Landrace pigs (P < 0.01). No difference was found in the level of MyHC IIx (P > 0.05; Figure 3) . At 90 days, Bama Xiang pigs exhibited lower expression levels of MyHC IIa and IIb compared to Landrace pigs (P < 0.01), whereas no differences were found in MyHC I and IIx (P > 0.05; Figure 3 ). Finally, at 300 days Bama Xiang pigs exhibited higher expression levels of MyHC I, IIa, and IIx than both Bama Xiang and Landrace pigs at 180 days (P < 0.01), whereas Bama Xiang pigs exhibited significantly lower expression levels of MyHC IIb at 300 days compared to Landrace pig and Bama Xiang pigs at 180 days (P < 0.05). In the comparisons between Bama Xiang and Landrace pigs at 180 days, there were no differences in MyHC I and IIb (P > 0.05), but Bama Xiang pigs exhibited higher expression levels of MyHC IIa and IIx compared to Landrace pigs (P < 0.01; Figure 3 ).
Correlations between MyHC fiber types and carcass and meat quality traits
The correlation analyses illustrating the relationships between MyHC gene expression levels and selected carcass and meat quality are shown in Table 3 . MyHC I gene expression showed positive correlations with both backfat thickness and IMF content (P < 0.01). MyHC IIb was negatively correlated with IMF content (P < 0.05) and positively correlated with carcass yield (P < 0.05). No significant correlations between MyHC IIa and IIx were found with the selected carcass and meat quality traits (P > 0.05).
Comparison of key factors regulating muscle fiber type between Bama Xiang and Landrace pigs
We analyzed the key factors regulating muscle fiber type between Bama Xiang and Landrace pig breeds at 180 days (and 300 days for Bama Xiang pigs). The results showed that in Bama Xiang pigs, gene expression of both PGC-1a and AMPK at 180 and 300 days was higher compared to that in Landrace pigs at 180 days (P < 0.01; Figure 4) . These results indicate that PGC-1a and AMPK might be two of the key factors regulating muscle fiber type in Bama Xiang pigs. The given values are reported as means ± SE of three pigs that had been normalized to 18S rRNA. **P < 0.01, *P < 0.05. *Indicates P < 0.05, **indicates P < 0.05. BF = backfat thickness, LA = loin eye muscle area, SF = shear force, IMF = intramuscular fat. 
DISCUSSION
In this study, we first compared the carcass traits and meat quality features between Bama Xiang and Landrace pigs. In China, the Bama Xiang pig, a type of local fatty pig, is famous for its slow growth rate, high IMF contents, and excellent meat quality. By contrast, the Landrace pig is a popular breed with a fast growth rate, low IMF contents, and poor meat quality. As expected, we found that Bama Xiang pigs exhibited a lower growth rate compared to Landrace pigs, at all tested time points (30, 60, 90, and 180 days) . Furthermore, we found that Bama Xiang pigs exhibited greater backfat thickness and IMF content, but a reduced loin eye muscle area and lower conductivity at 180 days. Our results showing that the Chinese local fatty pigs have superior meat quality are consistent with those of previous studies (Yang et al., 2005; Hu et al., 2008; Dai et al., 2009; Shan et al., 2010; Guo et al., 2011) .
Factors such as breed, developmental stage, nutrition, slaughter condition, and meat processing methods, have been found to affect meat quality. Many previous reports have shown a relationship between muscle fiber type and meat quality (Kim et al., 2008; Ryu et al., 2008; Choi and Kim, 2009) . Muscle fibers are the basic muscle units, which directly affect meat quality, especially tenderness, flavor, juiciness, water-holding capacity, etc. Therefore, muscle fiber type is considered to be one of the major factors influencing meat quality. However, to date, there are no reports on the muscle fiber composition in Bama Xiang pigs. Many studies have been conducted using tissue enzymatic methods to define muscle fiber types (such as Figure 4 . Relative mRNA expression of PGC-1a and AMPK in longissimus dorsi muscle (LM) in Bama Xiang pigs (180 and 300 days) and Landrace pigs (180 days). Relative mRNA was investigated by real-time PCR and was expressed relative to a control (Landrace pigs). The given values are reported as means ± SE of three pigs that had been normalized to 18S rRNA. **P < 0.01. myosin ATPase and succinate dehydrogenase staining), but these methods are unable to define the muscle fiber types accurately, and different staining methods yield different conclusions (Chikuni et al., 2001; Eggert et al., 2002; Chang et al., 2003) . The current opinion is that the best method for defining the muscle fiber type is molecular identification on the basis of MyHC expression (Choi and Kim, 2009; Park et al., 2009; Schiaffino and Reggiani, 2011) . In our study, we used quantitative real-time PCR, to investigate the compositional differences and developmental changes in LM fiber types between Bama Xiang pigs and Landrace pigs. As such, this constitutes the first study of muscle fiber type between the two breeds using molecular biology methods. An increased expression of MyHC I was observed at 30 and 60 days in Bama Xiang, compared with Landrace pigs. This pattern was especially evident at 300 days, in Bama Xiang, compared to both Bama Xiang and Landrace pigs at 180 days. By contrast, the expression levels of glycolytic fibers (MyHC IIb) were lower in Bama Xiang compared to Landrace pigs at all ages. At the marketing age (180 days for Landrace and 300 days for Bama Xiang pig), the contents of both oxidative (type I and IIa) and intermediate muscle fibers (type IIx) in Bama Xiang pigs, were significantly higher than in Landrace pigs. These results were consistent with those found in previous studies of Chinese local pigs including Meishan (Lefaucheur et al., 2004) , Erhualian (Yang et al., 2005) , Laiwu (Hu et al., 2008) , Jinhua (Guo et al., 2011) , and Tibetan pigs (Shen et al., 2014) , in which the oxidative muscle fiber contents were higher and the glycolytic fiber contents lower than those in lean pigs. The Bama Xiang pigs grow slower and have a smaller body size, compared to Landrace pigs. This indicates that the pig breeds differ in the relative amount of muscle fiber types; fast growing pigs exhibit more glycolytic muscle fibers. Compared with lean pigs, the LM of Chinese local pigs exhibited higher contents of oxidative muscle fibers, which may be associated with their excellent meat and slow growth. Many studies have shown that oxidative muscle fibers are positively related with IMF and tenderness (Kim et al., 2008; Choi and Kim, 2009) , whereas glycolytic muscle fibers are related with pale, soft, and exudative meat (Franck et al., 2007) . Although breed is one of the most important factors in determining meat quality, the ultimate reason for the different meat qualities is differences in muscle fiber type. These results support the fact that muscle fiber type and composition may be the key factors determining the differences between different meat varieties.
In our study, we found that MyHC I gene expression was positively correlated with backfat thickness and IMF content, whereas MyHC IIb was negatively correlated with IMF content, and positively correlated with carcass yield. These results are consistent with those found in previous studies (Serra et al., 1998; Hu et al., 2008; Choi and Kim, 2009) . IMF content is an important indicator of meat quality, affecting meat tenderness, water-holding capacity, shear force, flavor, and juiciness (Chambaz et al., 2003; Gao and Zhao, 2009; Lefaucheur, 2010) . Previous studies have found that the relative magnitude of triglyceride and phospholipids in IMF in all types of muscle fibers were as follows: I > IIa > IIx > IIb ( Leseigneur-Meynier and Gandemer, 1991; Alasnier et al., 1996; Malenfant et al., 2001) . The deposition site of IMF is determined in relation to the specifics of the muscle fibers. Fat more easily deposits in muscles with a higher type I and type IIa contents (oxidative muscle fibers). In our study, we found that differences in muscle fiber type and content was one of the important factors contributing to the differences in slaughter performance and meat quality traits in Bama Xiang and Landrace pigs. The regulation of muscle fiber types and composition to achieve the best IMF contents will likely become a new research direction in fields aimed at improving pork quality and regulation.
AMPK and PGC-1a are both closely related to muscle fiber-type transformation. Exercise can induce transformation of muscle fiber types to oxidative muscle fiber types, and the muscle fiber-type transformation was found to be blocked in AMPK-deficient mice (Wojtaszewski et al., 2000; Chen et al., 2003; Röckl et al., 2007; Geng et al., 2010) . Long-term injection of AMPK agonists can regulate transformation of mouse muscle fiber type to oxidized muscle fiber types (Suwa et al., 2003; Ljubicic et al., 2011) . A previous study found an increase in the number and function of mouse mitochondria, as well as in oxidative muscle fiber type I, after overexpression of PGC-1a in mouse muscle (Lin et al., 2002) . AMPK can regulate the expression of PGC-1a, both directly and indirectly (Cantó et al., 2009) . Previous studies on the relationships between AMPK, PGC-1a, and muscle fiber-type transformation have mostly focused on human and mouse. The data presented here, illustrating the relationship between AMPK, PGC-1a, and pig muscle fiber-type transformation, therefore represent a rare case. We analyzed the expression of AMPK, PGC-1a in the LM of Bama Xiang and Landrace pigs at the marketing age and found that the PGC-1a and AMPK gene expression of Bama Xiang pigs was higher than in Landrace pigs. This result was consistent with the observed differences in muscle fiber type at the marketing age between the breeds. This indicates that AMPK and PGC-1a might be two key factors regulating muscle fiber type in pigs, similar to in human and mouse. The AMPK and PGC-1a genes may play an important role in pig muscle fiber transformation, and may be the important regulatory factors in the observed muscle growth and developmental differences between the breeds. Therefore, the mechanism by which AMPK and PGC-1a regulates muscle fiber type in pigs should be further studied. As the first study of the key factors regulating muscle fiber type in Bama Xiang and Landrace pigs, our results provide an important basis for further studies of the mechanism of muscle fiber type in these pigs.
In conclusion, the excellent meat quality, in particular the high IMF content in Bama Xiang pigs, was found to be related to its elevated type I oxidative muscle fiber content. In contrast, Landrace pig muscle contained more glycolytic type IIb muscle fibers, resulting in poorer meat quality. AMPK and PGC-1a were identified as two potential key factors regulating muscle fiber type in pigs. The muscle fiber composition is one of the key differences leading to the observed differences in meat quality between Bama Xiang and Landrace pigs. The results in this study may provide a theoretical basis for further studies on the molecular mechanisms behind the excellent Bama Xiang pig meat quality.
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